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INTRODUCTION

Radical prostatectomy (RP) is a commonly used treat­
ment option for complete remission of  localized prostate 
cancer. Unfortunately, the operation carries a risk of 
postoperative complications including erectile dysfunction 
(ED) [1]. Although great advances have been made in 
surgical techniques and devices, the prevalence of  ED 
after RP remains a major postoperative complication [2,3].

Owing to the relatively favorable outcome of prostate 
cancer after RP for localized prostate cancer, patients with 
prostate cancer not only must live with the constant fear 
of possible future problems including cancer recurrence or 
progression but also are faced with significant physical, 
cognitive, sexual, and socioeconomic problems af ter 
treatment [4,5]. Among the postoperative complications, 
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many patients face the distress of sexual difficulties such 
as loss of erectile function and, in some cases, pain related 
to sexual activity [2]. Functional outcomes are not always 
optimal despite increased surgical precision and advanced 
techniques. A recent meta-analysis found that new robotic 
surgical techniques do not improve ED after RP [6]. 
This result has led to the development of  several penile 
rehabilitation programs.

Male sexual dysfunction related to prostate cancer 
treatment can be divided into three broad categories: (1) 
ED and changes in penile size and shape, (2) ejaculatory 
and orgasmic dysfunctions, and (3) psychosexual impair­
ment with changes in sexual desire, intimacy, and mental 
health [2]. There has been considerable interest in ED after 
a prostate cancer diagnosis over the past decade, with 
an increase in published studies on the subject and an 
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increase in medical coverage [1,2,7,8]. However, treatment 
outcomes are inconsistent among the treatment options 
and even among the same treatment option. No consensus 
exists on the ideal penile rehabilitation regimen, but 
many urologists agree that treatment should be started as 
soon as possible to protect or prevent corporal endothelial 
and smooth muscle damage. The aim of  this study was 
to review the treatment options for ED after RP and to 
discuss the limitations of each.

ED AFTER RP

1. Epidemiology
Most of the literature indicates that ED after prostate 

cancer therapy is mainly endemic to the cohort of  men 
who have undergone RP. ED rates af ter RP range 
from 60% to 70% [2,9,10]. Despite numerous surgical 
modifications including anatomic nerve-sparing during 
RP, ED rates in contemporary RP series range from 30% 
to 87% [1,11,12]. Although anatomic nerve-sparing radical 
prostatectomy (NSRP) promises a high likelihood of 
postoperative recovery of  ED, many men require more 
than 2 years to satisfactorily recover erectile function [13]. 

Recent advances in our knowledge of  the functional 
and topographic anatomy of the prostate and innovations 
in surgical technology including laparoscopic and robotic 
surgery have resulted in improved preservation of 
postoperative erectile function. However, the literature is 
still insufficient to rigorously compare different surgical 
techniques and technologies, including the assertion that 
laparoscopic or robotic RP is better at preventing ED 
[2,9,10].

The proximity of  the cavernosal nerve [14] to the 
prostatic capsule, which is positioned as a diffuse, poorly 
visualized nerve plexus adherent with the lateral aspect 
of  the prostate, represents the major surgical obstacle 
and a limitation of  NSRP or advanced surgical devices. 
Additionally, the small size and dependent location of 
the cavernous nerve (CN) within the male pelvis make 
visualization and preservation difficult [15,16]. A review 
of the literature demonstrates a large discrepancy in ED 
incidence rates following RP [3,5,17] as a result of intrinsic 
patient factors, surgical factors, and reporting biases.

2. Mechanism
Several pathophysiological theories have been proposed 

to explain ED after RP, including CN injury, vascular 
compromise such as pudendal artery injury, damage to 
nearby structures, local inflammatory changes related to 

surgical effects, cavernosal smooth muscle hypoxia with 
smooth muscle apoptosis and fibrosis, and corporal veno-
occlusive dysfunction causing venous leakage [2,10,18].

Well-defined pathophysiological changes are observed 
in animal models of the penis following CN injury. These 
pathophysiological changes lead to severe neurapraxia and 
associated lethal axonal damage, including apoptosis of the 
smooth muscle and the endothelium of the penis, reduced 
nitric oxide synthase [19] nerve density, pathobiological 
signaling responses favoring vasoconstriction, upregulation 
of  f ibroproliferative cytokines such as transforming 
growth factor-beta, and penile smooth muscle fibrosis or 
loss of smooth muscle [16,20-23].

The pathophysiology of  ED after RP is believed to 
include neurapraxia, which leads to temporarily reduced 
oxygenation and subsequent structural changes in penile 
tissue. This is also related to veno-occlusive dysfunction 
[3]. Increasing evidence suggests that temporary CN 
dysfunction leads to structural changes in penile tissue. 
During the period of neurapraxia, the penile tissue is in 
a constant state of low oxygen supply, which may lead to 
smooth muscle apoptosis and fibrosis [24].

Changes in smooth muscle content and increased 
fibrosis in penile tissue after damage to the CN have been 
shown in several animal studies. Apoptosis of the smooth 
muscle is evident as early as 1 day after denervation and 
is aggravated over time [16,22,25]. These changes are most 
pronounced in animal models with bilateral CN damage 
[16,26-29]. Many animal studies have shown that reduced 
intracavernosal pressure remains after either injection of 
vasoactive substances or electrical stimulation [26-28,30,31]. 

The decrease in penile blood flow induces apoptosis of 
cavernosal and endothelial cells with penile distensibility 
[16,22,25]. Neurapraxia secondarily causes apoptosis in 
corpus cavernosal smooth muscle. A change in the ratio 
of  smooth muscle to collagen and the contraction of 
endotheliocytes could worsen the recovery of erection [26-
28,30,31].

The presence of  transforming growth factor-beta1 
[15,21,26] and hypoxia-inducible factor-1α [21], as well as 
overexpression of  endothelin-1 type B receptor [25,32], 
confirm hypoxia as a possible pathophysiological theory 
for ED after RP. Oxidative stress has also been noted as 
a potential contributor [31], whereas a recent study found 
increased expression of  several profibrotic genes and a 
concomitant decrease in expression of  genes promoting 
smooth muscle growth [33].

To summarize the pathogenesis of ED after RP, neura­
praxia induced by unilateral or bilateral CN injury, hy­
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poxia, oxidative stress, and consequent structural changes 
in the penis are key factors. 

3. Factors associated with ED after RP
Several risk factors are associated with postoperative 

ED outcomes, including age, the level of erectile function 
before treatment, the extent of  surgical neurovascular 
preservation, and changes to erectile hemodynamics 
during surgery [18]. Many studies have shown that 
higher sexual health-related quality of  life scores before 
treatment, younger age, lower serum prostate-specif ic 
antigen levels, race or ethnicity, lower body mass index, 
and defined intended treatment details are associated with 
better functional outcomes 2 years after surgery [11].

ED TREATMENT AFTER RP

1. Penile rehabilitation treatment strategy 
Penile rehabilitation is defined as “the use of  any 

drug or device after RP to maximize ED recovery” [34]. 
That is, penile rehabilitation after RP involves the use 
of any intervention or combination (medications, devices, 
or actions) to recover erectile function, which help men 
regain the ability to achieve erections suf f icient for 
satisfactory sexual intercourse during rehabilitation 
from prostate cancer treatment [3,5]. The rehabilitation 
treatment strategy should focus on three interrelated 
concepts: (1) improving cavernosal oxygenation, (2) 
preserving endothelial structure and function, and (3) 
preventing smooth muscle structural changes [34,35].

Penile rehabilitation consists of two types of treatment. 
The f irst is treating the ED itself  and the second is 
treating penile shape deformities. Most studies have 
focused on treating ED itself.

Phosphodiesterase type 5 inhibitors (PDE5Is), int­
racavernosal injections (ICIs) of  vasoactive agents (pro­
staglandins), and vacuum erection devices (VEDs) are 
options in rehabilitation programs to treat ED. Penile 
implants should be considered if patients do not respond to 
medical therapies, and are the only option to treat a shape 
deformity. To facilitate informed decision-making, patients 
should be presented with all treatment options and told 
that rehabilitation and treatment for ED as early as 
possible after RP will result in faster and better recovery 
of ED and will preserve sexual continuity [3,5].

The important key point when offering rehabilitation 
is to initiate treatment as soon as possible after RP, before 
penile fibrosis develops, which is essential for recovery of 
erectile function [2,10,36]. The most common strategies for 

rehabilitation include single agents or a combination of 
PDE5Is, ICIs, intraurethral injections of vasoactive agents, 
and VEDs.

2. Classification of treatment strategies
First-line treatment includes an oral PDE5I. PDE5Is 

are quick and easy to administer, discreet, and suitable. 
However, poor efficacy, particularly in cases with poor CN 
function, and side effects such as headache, flushing, and 
palpitations have been reported [2,3].

Second-line treatment options include ICI or intraure­
thral injection therapy, a VED, or a penile prosthesis, 
which could be effective for patients who do not respond 
to oral PDE5I therapy [2]. VEDs are noninvasive but are 
time-consuming, are expensive, and have many side effects 
such as bruising, pain, and penile f ibrosis [2,3]. ICI or 
intraurethral injection therapy and a penile prosthesis are 
invasive procedures [2].

3. Optimal indications for penile rehabilitation
Although recent studies have emphasized the 

new concept of  penile rehabilitation, more ef fort is 
needed to demonstrate the optimal indications for this 
treatment strategy. Namely, it is necessary to identify 
patient subgroups who do not need and are not suitable 
for treatment and to identify those who are the best 
candidates for rehabilitation [3,37,38].

Ideal candidates for penile rehabilitation after RP are 
patients at intermediate risk for ED [3]. Corpus cavernosal 
function is already compromised before surgery in 
patients at high risk for ED; hence, either on-demand or 
daily PDE5I treatment is ineffective. In contrast, corpus 
cavernosal function in patients at low risk is sufficient 
to recover erectile function with an on-demand PDE5I, 
and daily treatment with a PDE5I may not be required in 
these patients [37].

Gallina et al. [38] suggested that penile rehabilitation 
may be beneficial to older patients and patients with 
diminished preoperative erectile function. They reported 
that young men (<55 years of  age) with good erectile 
function do not benefit from a rehabilitation strategy. 
Briganti et al. [37] suggested a new paradigm. They 
reported that overall recovery of  erectile function can 
be achieved with a PDE5I. In their study, the efficacy 
of  PDE5I was similar between an on-demand and daily 
method of PDE5I treatment and was similar in patients 
at high risk (age≥70 years or International Index of 
Erectile Function-Erectile Function [IIEF-EF] score≤10, 
or a Charlson Comorbidity Index [39] score≥2) and low 
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risk (age≤65 years, IIEF-EF score≥26, and CCI score≤1) for 
postoperative ED. Daily treatment showed a significantly 
better effect in intermediate-risk patients (age 66–69 
years; IIEF-EF score of 11–25, and CCI score≤1) [37].

4. Oral PDE5 inhibitors
The emergence of  PDE5Is has revolutionized ED 

treatment, and many studies have shown favorable 
outcomes of  PDE5I therapy in patients with ED after 
NSRP. Various penile rehabilitation programs with a 
variety of  PDE5Is have been used in clinical practice 
worldwide (Table 1) [40].

No definite evidence is available indicating the best 
treatment strategy for a penile rehabilitation program 
using PDE5Is [41], but many urologists agree that PDE5I 
treatment should commence as soon as possible to 
prevent the development of  structural alterations from 
prolonged cavernosal hypoxia and subsequent veno-
occlusive dysfunction from cavernosal f ibrosis [5,42]. 
Although the mechanism of  action of  PDE5Is depends 
on preserved cavernosal nerve function [41], one study 
showed the efficacy of PDE5I treatment even in men who 

had undergone non-NSRP, thus highlighting the role of 
nonneuronal stimulation of  nitric oxide production on 
penile erection [43].

Sildenafil affects several genes involved in smooth 
muscle preservation and in reducing oxidative stress [31,33]. 
Tadalafil increases activation of the associated kinases [22]. 
Both expression and activation of endothelial nitric oxide 
synthase increase with sildenafil treatment compared with 
that in a control group [28]. Inducible nitric oxide synthase 
increases with vardenafil treatment [30].

Rare randomized and placebo-controlled trials have 
been conducted to assess the clinical effects of  a PDE5I 
in patients undergoing penile rehabilitation. In the first 
trial, men scheduled for bilateral NSRP with intact 
preoperative erectile function were randomized to receive 
100-mg sildenafil, 50-mg sildenafil, or placebo every night 
for 9 months [44]. Mean IIEF scores were significantly 
higher in the 50- and 100-mg sildenafil groups than in the 
placebo group. The limitation of this study was the short 
follow-up. Enrollment in the study was terminated early 
because of an interim analysis showing a lower response 
rate than expected, and only 76 men completed the study 

Table 1. Clinical studies with PDE5 inhibitors in penile rehabilitation after radical prostatectomy

Source Year
No. of 

participants
Design

Rando­
mization

Intervention Main outcomes

Mulhall  
et al. [61] 

2005 132, ED 
after RP

Single 
center, 
prospec-
tive study

No Sildenafil with or 
without ICI

There were statistically significant differences between 
the two groups in the percentage of patients who were 
capable of having medication-unassisted intercourse; 
mean erectile rigidity; mean IIEF-EF domain scores; the 
percentage of patients with normal EF domain scores; 
the percentage of patients responding to sildenafil; the 
time to become a sildenafil responder (p=0.02); and the 
percentage of patients responding to ICI

Bannowsky  
et al. [53] 

2008 41, ED after 
NSRP

Single 
center, 
prospec-
tive study

No Sildenafil 25 mg daily In the group using daily sildenafil the mean IIEF-5 score 
decreased from 20.8 before NSRP to 3.6, 3.8, 5.9, 9.6, and 
14.1 at 6, 12, 24, 36, and 52 weeks after NSRP, respec-
tively. There was a significant difference in IIEF-5 score 
and time to recovery of erectile function between the 
groups, with potency rates of 86% vs. 66%.

Padma-Nathan 
et al. [44] 

2008 76, ED after 
NSRP

Multi center, 
prospec-
tive study

Yes Sildenafil 50 mg or 
sildenafil 100 mg 
vs. placebo

Nightly sildenafil administration for 36 weeks after surgery 
markedly increased the return of normal spontaneous 
erections.

Montorsi  
et al. [45] 

2008 628, ED 
after 
NSRP

Multi center, 
prospec-
tive study

Yes Valdenafil 10 mg 
daily, Valdenafil 10 
or 20 mg on de-
mand vs. placebo

On-demand vardenafil treatment resulted in significantly 
greater IIEF-EF scores and better SEP-3 response rates 
than placebo over the entire treatment period.

Montorsi  
et al. [54] 

2014 423, ED 
after 
NSRP

Multi center, 
prospec-
tive study

Yes Tadalafil 5 mg daily, 
tadalafil 20 mg on 
demand vs. pla-
cebo

Treatment effects versus placebo were significant for tada
lafil once daily only. At month 9, penile length loss was 
significantly reduced versus placebo in the tadalafil once 
daily group only

PED5,  phosphodiesterase type 5; ED, erectile dysfunction; RP, radical prostatectomy; ICI, intercavernousal injection; IIEF-EF, erectile function-
erectile function domain; NSRP, nerve-sparing radical prostatectomy; SEP-3, sexual encounter profile question 3.
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protocol.
The second trial was performed by Montorsi et al. [45]. 

Patients received 10-mg vardenafil nightly plus on-demand 
placebo, on-demand vardenafil plus nightly placebo, or 
nightly placebo plus on-demand placebo for 9 months. This 
study did not demonstrate any significant difference in 
erectile function among the three groups.

Briganti et al. [37] suggested that dif ferences in 
preoperative parameters, such as preoperative age, erectile 
function, and comorbidity profile, which are well-known 
predictors of  postoperative ED [46-52], may have altered 
the effect of the PDE5I on erectile function recovery.

Another small randomized study investigated the 
effect of tadalafil in patients undergoing penile rehabili­
tation [53]. Sixty-f ive men with preoperative IIEF-EF 
scores>25 who were undergoing bilateral NSRP were 
randomized into two groups to receive 20-mg tadalafil 
three times per week for 6 months or no treatment. IIEF-
EF scores differed between the groups at 52 weeks.

A recent study by Montorsi et al. [54] reported that 
tadalafil once daily was most effective on drug-assisted 
EF in men with ED following NSRP. That study also 
suggested a potential role of  tadalafil once daily on the 
recovery of EF after prostatectomy and possible protection 
from penile structural changes. 

Although there is much positive preclinical study 
evidence for the effectiveness of PDE5Is in ED after RP 
(CN injury), only small series have been used in clinical 
studies. The common limitations in these clinical studies 
include potential selection bias and lack of  biological 
evidence of erectile function.

5. Vacuum erection devices
A VED is a useful option in men with ED regardless 

of  NSRP or non-NSRP [55]. Moreover, early initiation of 
daily VED use preserves penile length [56]. However, long-
term use of a VED for penile rehabilitation is questionable 
because of the theoretical risk of aggravating cavernosal 
fibrosis owing to prolonged ischemia, acidosis, and lack of 
smooth muscle relaxation [1,5,7].

Although a VED creates a transient increase in 
arterial blood flow and oxygen supply [7,57,58], oxygen 
saturation drops gradually when applying a constriction 
band [57]. Hence, VEDs should be applied without the 
constriction band for penile rehabilitation.

Two randomized trials have tested the eff icacy of 
VEDs in human trials. Kohler et al. [56] reported that 
delayed use of a VED does not affect sexual satisfaction 
once use began. No difference in penile shrinkage was 

observed once VED use started. Raina et al. [55] reported 
that the treatment group showed improved sexual 
satisfaction and a higher rate of  spontaneous erections. 
Several complications have been reported, such as penile 
discomfort, penile bruising, social inconvenience, and 
inability to use the device [3].

Use of VEDs lacks evidence in clinical settings.

6. Intracavernosal or intraurethral prostaglandin 
E1 therapy
ICI using alprostadil (a synthetic prostaglandin E1 

derivative) either alone or in combination with other 
agents such as papaverine or phentolamine is a useful 
second-line treatment option for patients in whom 
NSRP cannot be achieved or those in whom a PDE5 
is ineffective or not tolerated [59]. The first attempt at 
penile rehabilitation was performed by Montorsi et al. 
[60]. Twelve patients completed the treatment and eight 
reported that they needed injection therapy for less 
than half  of  their sexual activity attempts, which was 
considered recovery of  spontaneous erection. Injection 
therapy in patients undergoing penile rehabilitation has 
not been tested in a randomized fashion since.

The only randomized study investigating intraurethral 
injection of  prostaglandin for penile rehabilitation 
compared solitary intraurethral injection therapy and 
combined therapy with nightly sildenafil in 139 patients 
[60]. No dif ference in erectile function was observed 
between the two groups 1 year after RP. Because this 
study had no placebo or control group, the study cannot 
be considered adequate documentation of  either penile 
rehabilitation treatment.

Other publications on ICI or intraurethral injection 
therapies have similar methodological drawbacks. 
These include comparing patients who actively chose 
to participate in a penile rehabilitation program with 
patients who either were not interested or chose to delay 
treatment and excluding patients who did not comply 
with treatment regimens [61,62].

7. Penile prosthesis implant
A penile implant is a substitutable option for main­

taining sexual functioning and preventing subsequent loss 
of penile length in patients with medically refractive ED 
[63]. Despite the high satisfaction rate, greater quality of 
life and erectile function, and higher frequency of sexual 
contact [64], penile prosthesis implantation has been less 
of  a focus as a secondary treatment option for penile 
rehabilitation in men with ED related to prostate cancer 
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treatment [65]. 

8. Psychological support
Psychological factors such as closeness of relationships 

and depression or anxiety also have important roles 
in erectile function after RP [66]. Moreover, a lack of 
emotional readiness in patients and their partners can 
negatively af fect sexual activity even when erectile 
function is restored after RP [67]. A strong correlation is 
observed between male patients with ED after RP and 
sexual dysfunction of the female partner [68,69].

Canada et al. [70] investigated the ef fects of  four 
sessions of  sexual counseling by men with postoperative 
ED who had undergone curative treatment for prostate 
cancer. The counseling program included education on the 
sexual impact of  prostate cancer treatment, information 
about ED treatments, communication training, and 
cognitive-behavioral therapy. Patients who completed the 
program showed short-term improvements in all IIEF 
subscales except sexual desire. The female partners also 
showed improvement in sexual function over the short 
term. However, only 61% completed all four sessions and 
most of  the improvements returned to baseline at the 
6-month follow-up in male patients and female partners.

9. Other treatments options
Several treatment options have been introduced but 

most require additional basic and clinical validation. 
Among them, testosterone therapy has been a recent 
focus. Testosterone plays an important role in both CN 
integrity and nitric oxide production and is thought to 
support trophic effects on smooth muscle tissue along 
with reducing fat and connective tissue in the corpora 
cavernosa [71].

Preoperative serum testosterone levels are positively 
correlated with ED after RP [72]. Testosterone regulates 
PDE5I levels in rodents [71] and testosterone may improve 
the response to PDE5Is in men with hypogonadism [73]. 
Combined treatment with testosterone and a PDE5I is a 
promising treatment option for patients undergoing penile 
rehabilitation. However, the possibility of  recurrence or 
progression of  prostate cancer by testosterone must be 
clarified before widespread use of  testosterone in penile 
rehabilitation.  

Neuromodulatory treatments are other viable options. 
Considerable development in neuromodulatory therapies, 
such as use of  immunophilin ligands, neurotrophins, 
growth factors, and stem cell therapy, to regenerate the 
CN and promote axonal regrowth of  remaining neural 

structure has been made over the past decade [5,36]. These 
neuroregenerative treatments showed promising outcomes 
in preclinical studies, but basic and clinical studies are 
needed to clarify long-term efficacy and safety in humans. 

PENILE DEFORMITIES

Another common complaint among men who have 
undergone RP is loss of penile length and girth. Contem­
porary literature reports an approximate loss of  2 to 3 
cm of  stretched penile length 12 months after RP [74]. 
This loss of  penile length is often accompanied by other 
penile deformities such as penile curvature [75]. The main 
mechanism for this early shortening of  penile length is 
parasympathetic neural trauma (cavernosal nerve injury) 
with subsequent sympathetic neural overdrive and release 
of  various neurotrophic factors [18]. This phenomenon is 
potentially reversible [3,5]. However, delayed structural 
changes related to underlying corporal cavernosal smooth 
muscle hypoxia and denervation-induced smooth muscle 
apoptosis with fibrosis can worsen penile curvature [2,10].

LIMITATIONS

Many studies lacked essential data such as use of 
patient self-reported questionnaires, whereas others 
had too many variables such as definitions for ED and 
the return of  erectile function [1,2,10]. Moreover, studies 
with biological data such as scans or penile Doppler 
ultrasonography were scarce. 

Although PDE5Is seem efficacious in the CN injury 
model, clinical studies are insufficient to provide further 
evidence. Moreover, only two randomized controlled 
studies have been conducted with possibly high selection 
bias. More investigations are crucial to determine long-
term eff icacy and safety. No consensus exists on the 
appropriate PDE5I, dose, and regimen, but PDE5Is have 
a role in combined therapy and are indicated for some 
patients. More basic studies and clinical studies are needed 
for second-line treatments.  

No standard treatment strategy is available for ED 
penile rehabilitation after RP. No attempts have been 
made to investigate the efficacy of a systematic treatment 
strategy for penile rehabilitation. Much effort has been 
made toward establishing a standard treatment strategy, 
particularly considering psychological and social impacts.

Clinicians must discuss the pros and cons of  penile 
rehabilitation with patients undergoing RP. Patients 
should be informed about the negative consequences of 
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long-term ED after RP [35].

CONCLUSIONS

Although the role of penile rehabilitation using PDE5Is 
as a first-line treatment option continues to evolve, current 
clinical trials have significant limitations. Most urologists 
agree that oral PDE5I therapy should be started as soon as 
possible to protect against or prevent corporal endothelial 
and smooth muscle damage. Second-line therapies such 
as ICI or intraurethral injection of vasoactive agents and 
VEDs should be offered to patients who did not undergo 
NSRP and who wish to remain sexually active. ICI or 
intraurethral injection of  vasoactive agents and VEDs 
are also viable options for patients who underwent NSRP 
and did not show satisfactory results with oral PDE5Is. 
A penile implant should be considered to preserve penile 
length when patients fail to respond to medical therapies. 
Although each treatment option has limitations, penile 
rehabilitation may have potential benefits for the patient 
and his partner and should be considered after RP.
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